Even though castration abolished the ability of alien males to induce implantation failure (the Bruce effect) in newly inseminated females, treatment of intact alien males with the steroidal antiandrogen, cyproterone acetate, for 14 days (short term) did not significantly depress their ability to induce the Bruce effect. However, prolonged treatment (42 days) with cyproterone acetate suppressed the pregnancy\x=req-\ blocking ability of alien males to some extent, possibly due to the antigonadotrophic properties ofthe drug. Ovariectomized alien females treated with implants of testosterone (androgenized females) exhibited the ability to block implantation in newly inseminated females, but concurrent treatment of androgenized females with cyproterone acetate did not depress this ability. The results strongly suggest that the pheromone involved in the male-induced implantation failure is not the product of an androgen-dependent tissue, but is likely to be a product of androgen metabolism.
Introduction
Failure of implantation in newly inseminated females after exposure to males (the Bruce effect) is well documented in laboratory mice (Bruce, 1960) . The block to pregnancy will be about 40% if the second male belongs to the same strain as that of the stud male (strange male), and will be over 80% if the second male belongs to a strain different from that of the stud male (alien male) (Parkes & Bruce, 1961) . The operative pheromone is present in the urine of intact males (Dominic, 1966) and the accessory olfactory system is implicated in its perception and transmission (Bellringer et ai, 1980; Rajendren & Dominic, 1984) .
Castration abolishes the production of the pregnancy-blocking pheromone (Bruce, 1965) and testosterone therapy of the castrates reinstates it (Marchlewska-Koj, 1983) . Females, which are normally incapable of blocking implantation in newly inseminated females, acquire the ability to block implantation after treatment with androgens (Dominic, 1965) . These findings suggest that the pheromone involved in the Bruce effect may be an androgen-metabolite(s) or a product of an androgen-dependent tissue. Male mouse urinary fraction containing low molecular weight peptides is reported to have pregnancy-blocking effects (Marchlewska-Koj, 1981) . The present investi¬ gations were designed to elucidate further the nature of the male-originating pheromone causing the Bruce effect.
Materials and Methods
General All females and stud males were albinos of the Parkes ( ) strain. The alien males and alien females used for exposure to newly inseminated females were of the wild (feral) strain. All animals were housed under standard laboratory conditions and maintained on laboratory mouse food (Lipton India Ltd) and water ad libitum. Rice husk was used as the bedding. The alien males (Exp. 1) and alien females (Exp. 3) were gonadectomized 3 weeks before their use in the investigations.
Virgin females, 10-11 weeks old, were paired with stud males of proven fertility; when the vaginal plug was found (Day 1), females were removed from the stud males and individually housed in cages, 40 15 10cm. After 24 h (Day 2 post coitum) they were individually exposed to a confined alien male (Exps 1 & 2) or to a confined alien female (Exp. 3) for 3 days. The alien males or alien females were individually confined in wire mesh corrals, 16 11-5x9 cm, and placed in the cage housing the newly inseminated female at 10:00 h on Day 2 and removed at 10:00 h on Day 5. Experiment 1. Newly inseminated females were left undisturbed after separation from the stud male (Group I) or exposed to a castrated alien male (Group II) or exposed to an intact alien male (Group III). Experiment 2. Newly inseminated females were left undisturbed after separation from the stud male (Group I), exposed to a short-term cyproterone acetate-treated (Group IIA) or short-term vehicle-treated (Group IIB) alien male, exposed to a long-term cyproterone acetate-treated (Group IIIA) or long-term vehicle-treated (Group IIIB) alien male, or exposed to an intact alien male (Group IV). For animals in Group II, cyproterone acetate (3 mg/male/ day) or vehicle (005 ml/male/day) was injected for 14 days before exposure and the injections were continued during the 3 days of exposure. Animals in Group III were injected with cyproterone acetate (3 mg/male/day) or vehicle (005 ml/male/day) for 42 days before exposure and the injections were continued during the 3 days of exposure.
To determine the antiandrogenic effects of cyproterone acetate, the males were killed at the end of exposure, and the seminal vesicles were dissected free of fat, weighed and the content of fructose was estimated by the method of Roe (1934) as modified by Linder & Mann (1960) . Experiment 3. Newly inseminated females were left undisturbed after separation from the stud male (Group I), exposed to an ovariectomized alien female implanted with 2 blank Silastic capsules (Group II), exposed to an ovari¬ ectomized alien female implanted with 2 testosterone-containing Silastic capsules (Group III), or exposed to an ovariectomized alien female implanted with 2 testosterone-containing Silastic capsules and concurrently treated with cyproterone acetate (3 mg/female/day) from the day of insertion of the capsules (Group IV). Drug treatment. Cyproterone acetate (Schering AG, Berlin, F.R.G.) was dissolved (60mg/ml) in a mixture of benzyl benzoate and castor oil (1:4, v/v) and injected subcutaneously. Controls were injected only with vehicle. In Exp. 3, 10mm Silastic capsules (i.d. 004mm; o.d. 0085mm; Dow Corning Corporation, Midland, MI, U.S.A.) containing testosterone propionate crystals (V.P. Chest Institute, New Delhi, India) were implanted subcutaneously into the alien females 3 weeks after ovariectomy, i.e. 14 days before exposure to newly inseminated females. Evaluation ofpregnancy failure. Vaginal smears were examined daily from all newly inseminated females and the incidence of vaginal cornification was taken as an indication of implantation failure (see Dominic, 1966) . Females which did not return to oestrus were killed on Day 8 and the uteri were examined for implantation sites. Females without implantation sites were considered to be pseudopregnant. Statistical analysis. The data in Tables 1, 3 and 4 were analysed by the 2 test. Due to the heterogeneity of data in Table 2 , after logarithmic transformation the values were analysed by Duncan's multiple range test (Brüning & Kintz, 1977) . The results were considered statistically significant if was^0 05.
Results
Experiment 1 (Table 1) Castrated alien males were far less effective than intact alien males in inducing implantation failure in newly inseminated females. However, the rate of implantation failure in females exposed to castrated alien males was significantly higher than that in females left undisturbed after mating. Experiment 2 (Tables 2 & 3) Treatment with cyproterone acetate induced a significant reduction in the weight, andfructose content, of the seminal vesicles of alien males, indicating its powerful antiandrogenic activity.
Treatment with cyproterone acetate for 14 days did not significantly depress the ability of alien males to induce the Bruce effect; the implantation-blocking ability of these males was not signifi¬ cantly different from that of vehicle-treated, or intact alien males. Treatment with cyproterone Newly inseminated alien males females left undisturbed females exposed to alien CPA for 14 days females exposed to alien vehicle for 14 days females exposed to alien CPA for 42 days females exposed to alien vehicle for 42 days females exposed to intact acetate for 42 days depressed the implantation-blocking ability of alien males as compared with that of vehicle-treated or intact alien males. However, the rate of implantation failure in females exposed to long-term cyproterone acetate-treated males was significantly higher than the rate of spontaneous failure of pregnancy in females left undisturbed after mating. Experiment 3 (Table 4) The rate of implantation failure in females exposed to alien females implanted with blank Silastic capsules was not significantly different from that observed in females left undisturbed after mating. By contrast, exposure to ovariectomized alien females implanted with testosterone induced a high rate of implantation failure in newly inseminated females. Administration of cyproterone acetate to testosterone-implanted alien females did not significantly depress their ability to induce pregnancy failure in females. The rate of implantation failure in these females was not significantly different from that observed in newly inseminated females exposed to androgenized alien females not injected with cyproterone acetate (Group III). II Newly inseminated females exposed to OVX 6/28 21/28 1/28 alien females implanted with blank Silastic (21-4) (75-0) (3-6) capsules III Newly inseminated females exposed to OVX 25/33 8/33 0/33 alien females implanted with testosterone-(78-8) (21-2) (0-0) containing Silastic capsules IV Newly inseminated females exposed to 27/32 5/32 0/32 testosterone-implanted OVX alien females (15-6) (0-0) concurrently treated with CPA *P < 0001 for Groups I + II versus Groups III + IV.
Discussion
There is unequivocal evidence which indicates that the production of the pregnancy-blocking pheromone is androgen-dependent (Bruce, 1965; Dominic, 1965; Marchlewska-Koj, 1983) . The suppression of the pregnancy-blocking ability of alien males by castration, and the induction of the ability in ovariectomized females by testosterone treatment as observed in the present study are consistent with this concept. However, castration did not completely abolish the pregnancyblocking ability of alien males in the present study. Bruce (1960) also reported the retention of pregnancy-blocking ability in castrated strange males to a great extent. The involvement of extragonadal androgens in the retention of pregnancy-blocking ability in castrated males cannot be completely ruled out.
Cyproterone acetate exhibits powerful antiandrogenic effects in a number of mammals. The effects of cyproterone acetate are mediated through the block of androgen receptors; prolonged treatment with cyproterone acetate is reported to suppress partly androgen production (Neumann et ai, 1984) . The antiandrogenic effect of cyproterone acetate in mice in the present investigations is indicated by the reduction in weight, and of fructose content of the seminal vesicle in treated animals. However, treatment with cyproterone acetate for 14 days did not significantly depress the pregnancy-blocking ability of alien males, although there was a mild suppression in the pregnancyblocking ability in males after treatment with the drug for 42 days. This may be due to the anti¬ gonadotrophic properties of cyproterone acetate (Neumann et ai, 1984) . Moreover, although spayed alien females implanted with testosterone exhibited the ability to block pregnancy in newly inseminated females, concurrent treatment of androgenized females with cyproterone acetate did not significantly depress the production of the pregnancy-blocking pheromone. Treatment with the pure antiandrogen, flutamide, also does not suppress the pregnancy-blocking ability in alien males (G. Rajendren & C. J. Dominic, unpublished observations). Flutamide is a competitive inhibitor of androgen receptors with little inhibitory effect on androgen secretion (Neumann et ai, 1984) . These results strongly suggest that the operative pheromone in the Bruce effect is a degradation product of androgen metabolism and not the product of an androgen-dependent tissue. The pregnancyblocking ability of male mouse urine is associated with urinary peptides (Marchlewska-Koj, 1981) . The report that the pheromone may be an androgen metabolite bound to urinary peptides (Marchlewska-Koj, 1983) is consistent with the view that the pheromone involved in the Bruce effect is the product of degradation of androgens.
The retention of pregnancy-blocking ability in cyproterone acetate-treated males as reported in the present study is at variance with the report of the depression of pregnancy-blocking ability in male mice treated with cyproterone acetate (Bloch & Wyss, 1973) . However, strange males were used in the investigations of Bloch & Wyss (1973) whereas alien males were used in the present investigations. Cyproterone acetate is reported to exert a suppressive effect on androgen production by virtue of its antigonadotrophic properties (Neumann et ai, 1984) . In the present investigations, alien males treated with cyproterone acetate for prolonged periods exhibited a mild depression of the pregnancy-blocking capacity. Therefore, the possibility of the reduction in androgen produc¬ tion by cyproterone acetate in strange males used by Bloch & Wyss (1973) sufficient to depress the production of the pregnancy-blocking pheromone cannot be discounted.
